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1 Introduction
Electric dipole moments (EDMs) set stringent bounds on the CP structure of any new
physics (NP) which becomes relevant at energies not far from the Fermi scale. An inter-
esting question to ask is if and how one can exploit the current and foreseen experimental
reach to constrain the flavour structure of such NP as well. This issue becomes particularly
relevant when the NP energy scale associated to the third generation is much lower than the
one associated with the first two. This situation is typical of models which aim at evading
collider and precision bounds while keeping the Fermi scale as natural as possible. In this
class of theories, the new degrees of freedom related to the third generation often mediate
the dominant contributions to the dipole moments of the light quarks. For quarks of the
first generation, this immediately translates in a contribution to the EDMs of nucleons and
nuclei. In this case, the non-observation of those EDMs sets bounds on flavour violating
parameters relating the first and the third generation. If also the second generation quarks
were found to give relevant contributions to the EDMs of nucleons and/or nuclei, than one
could also constrain flavour violation between the second and third generation. In this pa-
per we show that this is actually possible, by computing the charm chromo-electric dipole
moment (CEDM) contribution to the neutron EDM. We also show that the bound one
derives in this way has interesting consequences for the flavour violating phenomenology
of some models.
The current and foreseen experimental sensitivities to the electric dipole moments of
the neutron, deuteron and mercury are summarized in table 1. The quoted projection for
dn is expected to be reached within a few years by more than one experiment, the one for
dHg by an upgrade of the same apparatus that sets the current bound. On the other hand,
the experiment aiming at the measurement of dD is still in the proposal stage.
1
1For a more thorough discussion of future prospects see section 7 of [1] and references therein.
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Observable dn dD dHg
Current bound 2.9× 10−26 [2] - 3.1× 10−29 [3]
Future sensitivity ∼ 10−28 [4–8] ∼ 10−29 [9] ∼ 10−30 [3]
Table 1. Current bounds (90% C.L. for dn, 95% C.L. for dHg) and expected sensitivities on the
EDMs of the neutron, deuteron and mercury, in e cm.
In the SM all the EDMs and CEDMs vanish exactly at the two-loop level [10], the
three-loop contributions have been evaluated in [11, 12] and, e.g. for the down quark, yield
the estimate dd ' 10−34e cm. The neutron EDM is however dominated by long distance
effects, the most recent estimation of them [13] resulting in dn ' 10−31e cm. This number is
well below current and foreseen experimental sensitivities. Therefore dn remains a genuine
probe of physics beyond the Standard Model.
This paper is organized as follows. In section 2 we derive bounds on the electric
and chromo-electric dipole moments of the charm quark. In section 3 we discuss their
implications for various NP models, both from an effective field theory (EFT) point of
view (section 3.2) and in the specific cases of Supersymmetry (section 3.3) and composite
Higgs models (section 3.4). We summarize and conclude in section 4.
2 Bounds on the charm quark dipole moments
In terms of fundamental dipoles, the electric dipole moments (EDMs) of the neutron [14],
deuteron [15–17] and mercury [18] read:2
dn = (1± 0.5)
[
1.4(dd − 0.25du) + 1.1e(d˜d + 0.5d˜u)
]± (22± 10)MeVw , (2.1)
dD = − e(d˜u − d˜d)
[
4+7−2 + (0.6± 0.3)
]− (0.2± 0.1)e(d˜u + d˜d) (2.2)
+ (0.5± 0.3)(du + dd)± e(22± 10)MeVw ,
dHg = 7.2
+14.4
−3.6 × 10−3 e(d˜u − d˜d) + 10−2de , (2.3)
where du,d, d˜u,d are respectively the EDMs and CEDMs of the up and down quarks, de is
the electron EDM, and w is the coefficient of the Weinberg operator. For q = u, d, s, c, b, t,
they are defined via the following phenomenological Lagrangian
Leff = dq 1
2
(q¯σµνiγ5q)F
µν + d˜q
1
2
(q¯σµνT
aiγ5q)gsG
µν
a + w
1
6
fabcµνλρGaµσG
b σ
ν G
c
λρ , (2.4)
where 0123 = 1. The expressions (2.1) and (2.2) assume a PQ symmetry to get rid of
the θ term. Ignoring this assumption would not only introduce a strong dependence on
θ, but also modify the one on the CEDMs. The CEDMs linear combination affecting the
2A recent reevaluation of the neutron EDM [19] sets a value which is smaller than the one used here,
namely dn = 0.79dd − 0.20du + e(0.59d˜d + 0.30d˜u) (PQ-symmetric case, w contribution ignored). The
difference stems from having evaluated a parameter with the lattice instead of using QCD sum rules.
For the mercury EDM, see also the recent error estimate of [20], which makes the quark CEDMs impact
compatible with zero.
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EDMs would change, but not the order of magnitude of their impact [14]. In studying the
implications of the dn bound, in the rest of this paper we will conservatively use the values
0.5 and 12 MeV, respectively, for the coefficients (1± 0.5) and (22± 10) MeV in eq. (2.1).
The Weinberg operator in (2.4) mixes via renormalization group (RG) evolution into
the quarks EDMs and CEDMs, while the converse is not true. However, when in the
running from high to low energies a quark q is integrated out, its CEDM gives the following
threshold correction to the Weinberg operator at one-loop level [21–23]
w =
g3s
32pi2
d˜q
mq
, (2.5)
where all the parameters are evaluated at the mass of the quark. The uncertainty from
going to higher loops in (2.5) can be estimated to be at the level of 8αs(mq)/4pi, about
25% for q = c, where 8 is a colour factor. The subsequent running makes also the lighter
quarks dipole moments sensitive to d˜q. In terms of the charm CEDM evaluated at the scale
mc, w and the dipoles du,d, d˜u,d at the hadronic scale of 1 GeV read
d˜u = 1.7× 10−6 d˜c , du = −5.9× 10−8e d˜c ,
d˜d = 3.5× 10−6 d˜c , dd = 6.2× 10−8e d˜c , (2.6)
w = 2.3× 10−2GeV−1 d˜c .
In deriving (2.6) we have used the running from [24, 25] at one-loop. The relevant running
of the Weinberg operator at two-loops is, to our knowledge, unknown. Moreover, in the
extraction of a bound for d˜c, the impact of the up and down EDMs is subleading with
respect to the one of w. This is evident by inserting (2.6) into (2.1) and (2.2), and makes
the known two-loop running unnecessary.
The experimental bound on dn then implies
|d˜c| . 1.0× 10−22cm , (2.7)
or, equivalently, mc|d˜c| . 6.7 × 10−9. This is to be compared to the previous and only
bound existing in the literature, |d˜c| . 3 × 10−14 cm, obtained from ψ′ → ψpi+pi− at the
Beijing spectrometer [26]. As already said, the bound (2.7) comes mainly from the direct
contribution of w to dn. The mercury EDM bound thus yield a much weaker constraint
on d˜c, than the one set by dn. An analysis analogous to the one we performed here can
be carried out also for the bottom and top CEDMs, as was done in [21] and [27]. As a
cross-check of our derivation, we verified that our procedure reproduces their results.
The indirect constraints on the charm EDM are weaker. They can be derived from
both the mixing of dc into dd via electroweak running, and from the dc contribution to
B → Xsγ. In the first case, using [28] for the running and the bound on dn, one gets
|dc| . 4.4× 10−17e cm , (2.8)
where again dc is evaluated at the charm mass scale. In the case of B → Xsγ, the contri-
bution of dc is relevant since it has the same loop and CKM suppressions of the Standard
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Model one (|Vcb| ' |Vts|). To derive it, we use [29] for the charm dipole contribution to the
Wilson coefficient C7γ , and [30] for the dependence of BR(B → Xsγ) on C7γ . In explicit
models one generically expects a charm magnetic dipole moment, of size similar to dc, to be
generated. However the sensitivity of C7 to it is more than one order of magnitude smaller
than the one to dc, and we ignore it here for simplicity, like we do with other possible NP
contributions. We then obtain
|dc| . 2.5× 10−18e cm , (2.9)
where we have used the experimental world average [31] BR(B → Xsγ) = (3.43± 0.22)×
10−4, and imposed the bound at 2σ (where the uncertainty of the SM contribution BR(B →
Xsγ)SM = (3.15± 0.23)× 10−4 [32] has been added in quadrature).
3 Implications for New Physics
It can be convenient to express NP contributions to the EDM and CEDM of a given quark
q in terms of the following high scale effective Lagrangian
Ldip = mt
Λ2
ξq [cq(q¯LσµνqR)eF
µν + c˜q(q¯LσµνT
aqR)gsG
µν
a ] + h.c. , (3.1)
where cq, c˜q are coefficents of order one, and ξq are suppression factors, all depending on
the specific model and in principle complex. With these definitions, the quark EDMs and
CEDMs read
dq = 2e
mt
Λ2
Im(cqξq), d˜q = 2
mt
Λ2
Im(c˜qξq) , (3.2)
3.1 Size of the bounds in EFT
Imposing dn < 2.9 × 10−26 e cm and considering one operator at a time in (3.1), for
Λ = 1 TeV we find
Im(c˜uξu) . 1.3× 10−8, Im(cuξu) . 3.3× 10−8, (3.3)
Im(c˜dξd) . 8.4× 10−9, Im(cdξd) . 6.5× 10−9, (3.4)
Im(c˜cξc) . 1.8× 10−5, (3.5)
Im(c˜bξb) . 1.7× 10−4, (3.6)
Im(c˜tξt) . 3.3× 10−2, (3.7)
where all the coefficients are evaluated at the scale Λ = 1 TeV.
Notice that the 4 fermion operator contributions to the EDMs [33] have been ignored.
Given the uncertainties present in casting the bounds, this approximation is justified in
those models where such operators are not enhanced with respect to the dipole ones. This
happens for example in Supersymmetry, where they arise at loop level, or in composite
Higgs models with partial compositeness, where they appear at tree level but their coeffi-
cients are further suppressed, with respect to the dipole operators ones, by an extra light
quark Yukawa coupling.
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3.2 Interplay with bounds from flavour violating processes
The new bound we derived can be relevant for models allowing for a sizeable flavour
violation in the right-handed up quark sector, while at the same time providing a large
splitting between the energy scales associated with the third and the first two generations of
quarks. Such a scenario is favoured by naturalness arguments when combined with current
direct NP searches, and consistent with data due to the fact that the stronger constraints
in flavour violation come from processes involving down quarks. Explicit realizations are
models of flavour alignment (see e.g. [34]), composite Higgs models (CHM) with an anarchic
flavour structure, or Generic U(2)3 [35].
In such models, measurements of CP asymmetries in processes like D → pipi and
D → KK are among the most stringent probes of flavour violation in the up quark sector.
This is true in particular for chromo-magnetic dipole operators of both chiralities, that are
instead less efficiently constrained by D − D¯ mixing or ′K [36]. We write the high scale
effective Lagrangian contributing to such processes as
L∆C=1mag =
mt
Λ2
[
cDξ8O8 + c′Dξ′8O′8
]
+ h.c. (3.8)
where
O8 = (u¯LσµνT acR)gsGµνa , O′8 = (u¯RσµνT acL)gsGµνa , (3.9)
cD, c
′
D are coefficients of order one, and ξ8, ξ
′
8 are suppression factors, all depending on the
model and in principle complex. The most recent measurement of the CP asymmetry in
D decays is [37] ∆ACP = ACP(K
+K−)−ACP(pi+pi−) =
(
4.9±3 (stat)±1.4 (syst))×10−3,
yielding to the world average [31] ∆ACP = (−3.29 ± 1.21) × 10−3. The Standard Model
contribution could possibly account for such a value, however its determination is still
object of intensive discussion, see e.g. [38–41]. Our approach is therefore to require the NP
contribution to be smaller than the average central value: following the analysis of [36] and
considering one operator at a time, we find that this implies, for Λ = 1 TeV,
Im(c
(′)
D ξ
(′)
8 ) < 3.8× 10−6 . (3.10)
It is important to keep in mind that the above bound is plagued by O(1) uncertainties due
to the poor knowledge of the matrix elements of O8 and O′8.
As stated in the introduction, we are interested in models where the degrees of freedom
associated with the third generation are those giving the dominant contribution to the
operators in (3.1) and (3.8). This translates in the assumptions
ξ8 = W
L
u3W
R
3c, ξ
′
8 = W
L
c3W
R
3u , (3.11)
and, for the dipole moments
ξq = W
L
q3W
R
3q , (3.12)
where WLi3 and W
R
3i are flavour violating parameters that quantify the communication
between the ith generation of quarks, and the new degrees of freedom associated with
the third generation. For instance in Supersymmetry, if gluino contributions dominate,
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they are the matrices in flavour space in the gluino-quark-squark vertices. Notice that
everywhere Λ is the energy scale associated with the third generation quarks, and that the
phases of the parameters in (3.11), (3.12) are flavour violating ones.
• The first important observation is that ξuξc = ξ8ξ′8. In the absence of a direct
constraint on ξc, it was the bound from ∆ACP that allowed to set the stronger
constraint on that combination of parameters. Now, as one can see by taking the
product of (3.3) and (3.5), and of (3.10) with itself, the EDM of the neutron is already
setting the stronger bound by a factor of ∼ 60. This conclusion will be strengthened
by the foreseen experimental sensitivities, in the absence of improvements in the
understanding of the SM contribution to ∆ACP.
• The above generic situation can be specialized to the case of WLq3 ' Vqb, with V
the CKM matrix, as typical of models of alignment. We now assume, for simplicity,
maximal phases and all the O(1) coefficients to be one. In this case, the bounds from
∆ACP imply
|WR3c| < 1.1× 10−3, |WR3u| < 9.2× 10−5 , (3.13)
and those from the charm and up CEDMs require, respectively,
|WR3c| < 4.4× 10−4, |WR3u| < 3.7× 10−6 . (3.14)
where again we have chosen a NP scale Λ = 1 TeV, and considered one operator
at a time. Without considering the contributions from the charm CEDM computed
in this paper, one could have saturated the ∆ACP measured value without being in
conflict with the EDMs constraints, via requiring a very small WR3u, see e.g. [42].
Now this possibility is challenged and, with the forseen experimental sensitivities, in
these models the neutron EDM will become by far the most powerful observable to
probe the flavour violating parameters in (3.11) and (3.12). This conclusion would
be strengthened by more than an order of magnitude (totalizing a ∼ 103 better
sensitivity to |WR3c| with respect to ∆ACP) if the deuteron EDM will be measured
with a precision of ∼ 10−29e cm. We stress that all these bounds should be considered
as O(1) limits, barring finetunings of the unknown coefficients and overall phases in
front of the operators considered here. This implies, for example, that formally there
is the possibility to make the phases entering the CEDMs small so to be in agreement
with the bounds (3.3) and (3.5), while keeping larger the ones relevant to ∆ACP and
invalidate the above conclusion.
• In Generic U(2)3 models, one has
WLq3 = Vqb, W
R
c3 = Vcbc, W
R
u3 = Vubu , (3.15)
where u < c < 1 are suppression parameters related to the breaking of U(2)
3
symmetry in the right quark sector.3 In the case of maximal phases and O(1) coeffi-
cients equal to one, again considering one operator at a time, the bounds from ∆ACP
3In terms of the notation of ref. [35], u =
suR
suL
uR
L
and c =
uR
L
.
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now imply
c < 2.6× 10−2, u < 2.6× 10−2 , (3.16)
and those for the charm and up CEDMs require, respectively,
c < 1.1× 10−2, u < 1.0× 10−3 . (3.17)
Like before, the EDMs are starting to become more sensitive to the parameter c than
direct CP violation in charm decays, and will become the best observable to probe the
amount of U(2)3 breaking in the up-right quark sector. In this scenario, the flavour
symmetry imposes the following relations among the O(1) complex coefficients: cD =
c˜c and c
′
D = c˜u (see appendix A.2 of [35]). Thus, contrary to the previous case, in
Generic U(2)3 it is not possible to play with the order one parameters and phases to
avoid the above conclusions.
A remark is in order to avoid possible confusion. In [43] direct CP violation in D meson
decays was related to the neutron EDM. The result was that the same ∆C = 1 operators
inducing ∆ACP at a level compatible with the measured value, also induce a contribution
to dn. This contribution is obtained by long distance effects at tree-level, in analogy with
the dominant SM contribution by the same authors [13], and its size is at most one order of
magnitude below the current experimental sensitivity (and now even smaller, in light of the
new ∆ACP measurement). Here we pursue a different analysis, namely we identify a class
of models where a sizeable contribution to ∆ACP is accompained by flavour conserving CP-
violating operators, and study the impact of the last ones on dn, that was not considered
in [43]. The contribution to dn that we find, in these explicit models, is more than an order
of magnitude larger than the model independent one obtained in [43].
3.3 Supersymmetry with split families
Split-families SUSY (often referred to as “Natural SUSY”) [44–47] is an explicit realization
of the situation described in the previous section. The dominant contributions to the
Wilson coefficients defined in (3.1) and (3.8) are induced by gluino-stop loops, and read
cD
Λ2
=
c′D
Λ2
=
c˜c
Λ2
=
c˜u
Λ2
=
αs
4pi
1
m2g˜
At − µ cotβ
mt˜
5
36
g8(xgt) , (3.18)
where xgt =
m2g˜
m2
t˜
and
g8(x) = x
3
2
(
12
5
11 + x
(x− 1)3 −
6
5
9 + 16x− x2
(x− 1)4 log x
)
, g8(1) = 1 . (3.19)
In the suppression factors ξ8, ξ
′
8 and ξq, the elements W
L(R)
q3 are those of the mixing matrices
entering the gluino-quark-squark vertices of the respective chirality, which are responsible
for the flavour violation. Fixing for illustrative purposes mg˜ = 2mt˜ and assuming maximal
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phases, the bounds from the CEDMs of the up and charm quarks read, respectively∣∣∣∣WRtuWLtuVub
(
At − µ/ tanβ
mt˜
)∣∣∣∣ (1.5TeVmg˜
)2
. 6.5× 10−3 ,
∣∣∣∣WRtcWLtcVcb
(
At − µ/ tanβ
mt˜
)∣∣∣∣ (1.5TeVmg˜
)2
. 0.77 ,
(3.20)
to be compared with the ones coming from ∆ACP∣∣∣∣WRtuWLtcVcb
(
At − µ/ tanβ
mt˜
)∣∣∣∣ (1.5TeVmg˜
)2
. 0.16 ,
∣∣∣∣WRtcWLtuVub
(
At − µ/ tanβ
mt˜
)∣∣∣∣ (1.5TeVmg˜
)2
. 1.9 .
(3.21)
Choosing instead mt˜ = mg˜ one would obtain bounds weaker by a factor of ∼ 1.3.
In split-families SUSY one can improve the robustness of the previous bounds by
taking into account all the dominant contributions to dn. Under some assumptions that
will be discussed, it is in fact sufficient to add to the previous picture the up electric
dipole moment du. To see this, let us first consider the bounds on the top and bottom
CEDMs, (3.7) and (3.6). Again the Supersymmetric contribution to them is dominated by
gluino-squark loops, and it reads as the one in eq. (3.18), with the appropriate squark mass
and mixing substitution for the bottom case. In addition, the suppression factor for the
top case reads WRttW
L
tt , the one for the bottom yb/ytW
R
bbW
L
bb. The bounds (3.6) and (3.7)
then imply ∣∣∣∣WRbbWLbb(Ab − µ tanβmt˜
)∣∣∣∣ (1.5TeVmg˜
)2
< 18 ,
∣∣∣∣WRttWLtt (At − µ/ tanβmt˜
)∣∣∣∣ (1.5TeVmg˜
)2
< 59 .
(3.22)
Thus it is safe to neglect the top and bottom CEDMs contribution to dn for values of the
matrix elements of order one. Let us now come to the contribution from the down quark
EDM and CEDM. First notice that, with respect to the up quark (C)EDMs, they are
suppressed by a bottom yukawa coupling, being proportional to yb/ytW
L
bdW
R
bd. Also, the
k parameter constrains the size of the combination W
L
bsW
R
bsW
L
bdW
R
bd to be much smaller
than the corresponding one in the up sector, if sbottom and stops have similar masses. In
light of these observations, we assume a negligible down quark contribution to the neutron
EDM. One is left then with du, d˜u and d˜c as dominant contributions to dn. The coefficient
of the up-quark electric dipole moment, in the notation of (3.1), reads
cu
Λ2
=
αs
4pi
1
m2g˜
At − µ cotβ
mt˜
1
27
g7(xgt) , (3.23)
where
g7(x) = x
3
2
(
−6 1 + 5x
(x− 1)3 + 12
x(2 + x)
(x− 1)4 log x
)
, g7(1) = 1 . (3.24)
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Figure 1. The lines represent the experimental sensitivities to the flavour violating matrix elements
in split-families SUSY, the shaded region are currently excluded. Dashed: current neutron EDM.
Continuous: direct CP asymmetry in D decays. Dotted: projected neutron EDM.
The neutron EDM can then be written in the compact form
dn
2.9 · 10−26ecm =
(
130 · |WRtu|
∣∣∣∣WLtuVub
∣∣∣∣ su + 1.3 · |WRtc | ∣∣∣∣WLtcVcb
∣∣∣∣ sc)
×
∣∣∣∣At − µ/ tanβmt˜
∣∣∣∣ (1.5TeVmg˜
)2
, (3.25)
where su and sc are the sines of the phases of W
R
tuW
L
tu/Vub and W
R
tcW
L
tc/Vcb respectively.
The sign ambiguity in the contribution of the Weinberg operator to dn can be reabsorbed
in the sign of sc. Assuming the same matrix elements for the operators O8 and O′8 for
simplicity, one can cast ∆ACP in the analogous form
∆ACP
3.29 · 10−3 =
(
0.53 · |WRtc |
∣∣∣∣WLtuVub
∣∣∣∣ s8 + 6.17 · |WRtu| ∣∣∣∣WLtcVcb
∣∣∣∣ s′8) ∣∣∣∣At − µ/ tanβmt˜
∣∣∣∣ (1.5TeVmg˜
)2
,
(3.26)
where s8 and s
′
8 are the sines of the phases of W
R
tcW
L
tu/Vub and W
R
tuW
L
tc/Vcb respectively.
Also, the presence of a flavour blind phase in the mixing can easily be reabsorbed in the
definitions of su,c, s8 and s
′
8. In figure 1 we show the bounds on dn and ∆ACP in the
|WRtc |–|WRtu| plane, for mg˜ = 2mt˜ = 1.5 TeV and (At − µ/ tanβ)/mt˜ = 1. For illustrative
purposes we assume all the phases to be maximal, and the left rotation WL elements to
be equal in magnitude to the respective CKM ones. The generalization to the case where
there are deviations from these reference values is easily readable off eqs.(3.25) and (3.26).
At present, for the reference values of the parameters in eqs. (3.20) and (3.21), the right
charm-stop mixing angle θRct (W
R
tc ' cos θRct sin θRct) is not strongly constrained. In particular,
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values of |WRtc | & 0.3 would both weaken the experimental lower bounds on the stop mass
and mildly reduce fine-tuning [48]. The projected sensitivities to EDMs shown in table 1
allow one to infer the impact of near-future experimental searches. If flavour violating
phases are not significantly suppressed, a negative result at those experiments would reduce
the allowed range for the charm-stop mixing by roughly two order of magnitudes.4
One could wonder when contributions from the exchange of squarks of the first two
generations could interfere with the above ones, and affect in this way the bounds we
derived. Those contributions are suppressed by a factor yu,c/yt evaluated at the high scale,
but are at the same time CKM enhanced if one normalize consistently the left mixing
matrices WL. Because of this, and of the bound in (3.20), the contribution to d˜u by
a scharm circulating in the loop is potentially the larger one. We checked that, for the
reference values for mg˜ and mt˜ that we chose, mc˜ & 5 TeV is compatible with the bound
on d˜u for Im(W
R
cu) as large as 1. A smaller value of mc˜ would imply a stronger bound on
Im(WRcu), and would in general affect the bound on |WRtu| by O(1). Thus it would affect
the vertical axis of figure 1, but it will not change the impact, on this picture, of the newly
derived bound on d˜c. Its impact would of course be changed by a modification of the bound
on |WRtc |. We checked that the same lower bound mc˜ & 5 TeV implies that the contribution
to d˜c is dominated by the third-generation diagram, until Im(W
R
tc ) & 10−2Im(WRcc). Thus,
with these values of the masses, effects of the first two generation squarks would start to
become relevant for the future reach of EDM experiments, if EDMs are still measured to
be consistent with zero and if Im(WRcc) ' 1.
Finally notice that we have neglected the contribution that would come from CP
violation in the Higgs and gaugino sectors, which in any case would also be constrained by
the bound [49] on the electron EDM (see e.g. [50]).
3.4 Composite Higgs models
It is interesting to see how the new bound on the charm CEDM impacts on composite Higgs
models [51–54], as a concrete realization of a dynamical suppression of flavour violating
processes. We will in fact stick to partial compositeness [55] as a way to give masses to the
SM quarks and to suppress at the same time flavour-changing neutral currents. We will
consider a simplified two-site picture, in the spirit of [56]. In particular we will include one
composite resonance for each SM boson and fermion field. For the purpose of understanding
the rest of this section, it is sufficient to define the following phenomenological Lagrangian
for the strong sector5
Ls = M
2∗
2
ρ2µ −mF F¯F − (YU Q¯HU + YDQ¯HcD + h.c.)− V (H) , (3.27)
and for the mixing of the composite fermions F with the elementary ones f
Lmix = λLq¯Q+ λRuU¯uR + λRuD¯dR + h.c. . (3.28)
4A study of future collider sensitivity to |WRtc | goes beyond the purposes of this work, see ref. [48] for an
explorative analysis.
5We understand canonically normalized kinetic terms. Details about the parameters depend on the
specific representation of the resonances, see [56] and, e.g., [57].
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Here H denotes the Higgs doublet, and ρµ the composite vectors. Indices in flavour space
are understood for the mixings λf , as well as for the composite Yukawas and fermion masses
YF and mF . A sum over all species of fermionic and gauge fields is also understood. The
mixings can always be brought to diagonal form, and rotated away in order to obtain the
SM fields fSM = cos θff + sin θfF .
The dominant contributions to chirality breaking operators come from one-loop dia-
grams involving a fermion resonance and either the Higgs boson or the longitudinal com-
ponent of W and Z. In fact diagrams with a vector and a fermion resonances running in
the loop have the same flavour and CP structure of the SM Yukawa terms. Thus they will
be diagonal in flavour space, as well as real, in the mass basis for the SM fields. On the
contrary the presence of two additional vertices with the composite Higgs introduces two
extra composite Yukawas, which are anarchic in flavour space, giving rise to operators that
are generically not aligned with the mass basis. Notice that a semiperturbative composite
Yukawa coupling is preferred both by the Higgs mass value and naturalness arguments [58–
62], as well as by precision constraints [57], and thus a loop expansion in this coupling is
not inconsistent.
The contributions to the Wilson coefficients of the up and charm CEDMs (3.1) and of
∆ACP (3.8) are suppressed by
ξu,c =
yu,c
yt
(
Y ∗u,c
)2
, ξ8 = λC
yc
yt
(
Y ∗8
)2
, ξ′8 =
yu
yt
1
λC
(
Y ∗8′
)2
, (3.29)
where λC is the Cabibbo angle, and Y
∗
u,c, Y
∗
8,8′ are linear combinations of elements of the
anarchic composite Yukawa matrices of (3.27), which are in general complex. Notice that
those linear combinations depend also on which generations of composite resonances are
running in the loop.
To simplify the discussion, it is convenient to decouple the first two generations of
composite fermions. Naturalness considerations and the measured value of the Higgs mass
require only the third generation resonances to lie close to the Fermi scale, while the other
ones could well be heavier6 [58]. This assumption implies the relation Y ∗8′Y
∗
8 = Y
∗
c Y
∗
u , and
also that the order one coefficients of (3.1) and (3.8) are all equal. They can be obtained
from refs. [64, 65], where the one-loop contribution coming from a fermion resonance run-
ning in the loop together with the Higgs and the Goldstone bosons is computed. Neglecting
terms further suppressed by O(m2W /m
2
T ), we find
cD
Λ2
=
c′D
Λ2
=
c˜c
Λ2
=
c˜u
Λ2
' 1
16pi2
9/8
m2T
, (3.30)
where we assumed the partners of the left- and right-handed top and bottom quarks to
have the same mass mT . The bounds on the up and charm CEDMs then imply
mT & 2.1Y ∗u TeV, mT & 1.2Y ∗c TeV , (3.31)
6Unlike in Supersymmetry, direct collider bounds are not an additional motivation to choose such a
spectrum, see e.g. [63].
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to be compared with the ones coming from ∆ACP
mT & 1.3Y ∗8 TeV, mT & 0.26Y ∗8′ TeV . (3.32)
Currently one could still saturate the experimental upper limit on ∆ACP in such scenar-
ios [66, 67], without running into any conflict with the bounds from the neutron EDM
(for example by taking Y ∗8 sufficiently larger than Y ∗u ). With the foreseen improvement in
experimental sensitivity this possibility will be strongly challenged, for semiperturbative
values of the composite Yukawas. Notice also that the combination Y ∗8′Y
∗
8 = Y
∗
c Y
∗
u is more
constrained by the bounds from the CEDMs than from those coming from ∆ACP.
An analysis of the total contribution to dn, similar to the one performed in section 3.3
for Supersymmetry, cannot be carried out in an analogously simple way for CHMs. This is
due mainly to the presence of potentially unsuppressed contributions to dn from dd and d˜d.
4 Summary and conclusions
Measurements of CP violating observables are among the strongest indirect probes of high
energy scales. It is therefore important to study their implications for our knowledge of
physics beyond the SM. In this paper, we pursued a step in the above direction.
We derived bounds on the charm electric and chromo-electric dipole moments, dc and
d˜c. For dc, we considered its possibile dangerous contributions to the neutron EDM, dn,
and to the branching ratio BR(B → Xsγ). In the first case we made use of the contribution
of dc to dd from electroweak running, and derived the bound in eq. (2.8). In the second
case we considered the relevant loop process proportional to dc, yielding to the bound in
eq. (2.9). However, the stronger bound was by far the one on the charm CEDM d˜c. We
obtained it via its threshold effect in the three gluon Weinberg operator. This operator
in turn contributes to hadronic dipole moments, like the neutron and the deuteron ones,
yielding to d˜c < 1.0× 10−22 e cm at 90% C.L. at the charm mass scale. This is one of the
two main results of this paper.
We also pointed out the relevance of this bound for models allowing for a non-negligible
flavour violation in the right-handed up quarks sector. These models are still largely un-
constrained due to the weakness of the flavour and CP violating bounds compared to those
for the down-quark sector. Explicit examples are models of flavour alignment and Generic
U(2)3. Before this work, the CP asymmetry in flavour violating D decays, ∆ACP, was
setting the stronger constraints on the relevant flavour violating parameters in these mod-
els. We found that the current bound on dn is already sligthly more constraining than
∆ACP. More importantly, the lack of a theoretical understanding of the SM contribution
to ∆ACP, combined with the expected improvement in experimental sensitivity to dn, will
make the neutron EDM the most sensitive probe for these flavour violating parameters,
strengthening the current bounds by more than two orders of magnitude. We also spe-
cialized our analysis to various new physics models, such as split-families Supersymmetry,
and composite Higgs models with partial compositeness. In particular in the first case,
under some motivated assumptions, it was possible to find concise expressions for the total
supersymmetric contribution to both dn and ∆ACP.
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We think that these results constitute a further motivation to increase the experimental
sensitivities to dn and ∆ACP, and to continue the effort to achieve a better theoretical
control of the latter.
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